I construct an index of sectoral dynamics to characterize changes in the sectoral composition of economic activity. There is evidence of asymmetry in different phases of business cycles with recessions being associated with larger changes in sectoral composition than expansions. I find that the correlation between dynamics in sectoral employment and aggregate output has weakened since the 1990s. Also, sectoral changes appear to be smaller and spread across more sectors, while their contribution to aggregate volatility has been increasing. I also perform a simulation exercise and replicate these documented facts. The results suggest that shifts in the sectoral composition of the economy likely contribute to the formation of business cycles. Also the duration of recessions implied by the impulse response functions from a VAR model of sectoral dynamics and aggregate output growth matches the duration of recessions observed in the data.
Introduction
Is the structure of the economy more dynamic in recessions or expansions? What is the contribution of these sectoral dynamics to aggregate volatility? In answering these questions, I investigate changes in the allocation of economic activity across sectors over time and explore how these sectoral dynamics relate to business cycles and GDP growth volatility.
I construct a simple index of sectoral dynanamics based on changes in sectoral shares of total output over time; I also construct a similar index using employment data. The larger the index, the more pronounced are the changes in the sectoral composition of the economy. The index is constructed for different levels of sectoral disaggregation, coverage, and time frequency. I document the following facts about sectoral dynamics, GDP growth, and volatility.
First, recessions are associated with large changes in sectoral composition. For example, over the period 1948-2010, sectoral shifts were about 1.7 times larger in recessions than in expansions.
Furthermore, the larger the changes in sectoral composition, the more severe the recessions were.
Second, starting from the 1990s, there is a weakening of the correlation between the index of sectoral dynamics using employment data and output growth. This finding is consistent with the decline in the labor share of output both in aggregate and within industries as documented by Elsby et. al (2013) and Karabarbounis and Neiman (2013) . As the labor share of output decreases, the contribution of labor dynamics to growth dynamics would be expected to decrease as well. Third, while until the 1990s, business cycles were characterized by large cyclical changes in the share of the Durables sector, afterwards the sectoral dynamics were smaller and spread across more sectors. Fourth, the contribution of sectoral dynamics to GDP growth volatility has been continuously increasing. While GDP growth volatility has declined since the 1990s, sectoral dynamics seems to have played a more prominent role. 1 Up until the 1990s, the average contribution of sectoral dynamics to growth volatility fluctuated between 25 and 45 percent, while during the Great Moderation, it increased continuously and accounted for 50 to 60 percent of the GDP growth volatility.
I also perform a simple simulation exercise to replicate the stylized facts on the relationship between sectoral dynamics and business cycles. The simulated sectoral growth rates are drawn to match the joint distribution of the sectoral growth rate in the historical data, accounting for the comovement across sectors. I find that the simulated data replicate the negative correlation between sectoral dynamics and the GDP growth during recessions. Furthermore, the duration of recession in the impulse response functions from a VAR of sectoral dynamics and GDP growth rate matches the recession duration observed in the data.
The results are consistent with Phelan and Trejos (2000) , in that an one-time change in the sectoral composition of the economy can lead to an aggregate downturn. The index presented in this paper is similar to that in Lilien (1982) . Lilien (1982) constructs a measure of structural shifts within the labor market and argues that sectoral shifts are represented by a positive correlation between the dispersion of the employment growth rate across sectors and the level of the unemployment rate. 2 The advantage of constructing an index of sectoral dynamics based on output, as in this paper, is that it fully captures sectoral dynamics in the economy. A decrease in employment in a 1 The decline in GDP growth volatility in the U.S since the mid-1980s, a period known as the Great Moderation, is well documented in the literature (Kim and Nelson (1999) , McConnell and Perez-Quiros (2000) and Blanchard and Simon (2001) ).
2 Abraham and Katz (1986) show that the measure proposed by Lilien does not distinguish between a pure sectoral shift and a pure aggregate demand explanation of the unemployment rate. They show that aggregate demand movements alone can produce a positive correlation between the dispersion of the employment growth rates across sectors and the unemployment rate. They isolate the structural component from the aggregate component by using the detrended series of the unemployment rate after accounting for the aggregate shock measured by unanticipated growth in the money supply. Rissman (1997) develops a measure that is similar to Lilien's but which addresses the criticism of Abraham and Katz by applying a Kalman filter to a simple model of industry employment growth to construct a measure of dispersion that is free from cyclical effects.
given sector might be due to changes in labor intensity in that sector rather than representing a change in that sector's share in total output. Furthermore, an implicit assumption in constructing the index using employment data is that there is no variation in the labor share over time. As shown in Table 2 , there is a variation in the labor share across sectors. For example, over the period 1960-2005, the average labor share in sectoral value added varied from 0.25 for "Oil and gas extraction" to 0.87 for "Construction". In addition, as shown in Figure 2 , the average labor share across sectors has been declining, from an average of 0.67 in the 1960s and 1970s to about 0.56 in the later period. This paper is organized as follows: Section 2 presents the data. Section 3 presents various specifications of the index of sectoral dynamics and its relationship to aggregate growth. Section 4 shows the contribution of sectoral dynamics to growth volatility. Section 5 concludes.
Data and Stylized Facts
I use industry-level data on value added, employment and output from different sources as described in this section with sectoral coverage, disaggregation, time frame and frequency varying across datasets.
Bureau of Economic Analysis (BEA) Industry Accounts
The data from BEA are available at an annual frequency for the period 1947-2010 for 22 broad sectors of the economy. 3 The list of sectors is given in Table 2 , the KLEMS data set provides more disaggregated data for manufacturing than the 22-sector BEA data. The advantage of these two data sets compared to Current Employment Statistics and the Federal Reserve Board's Index of Industrial Production is that they contain information on the entire economy.
Current Employment Statistics (CES)
CES include employment, hours, and earnings series. 5 The data are at a monthly frequency, and most employment series start from 1990. I use the seasonally adjusted employment series (number of workers) by major industry sector (generally two-digit NAICS) which is available from 1939 to 2013, and I compute the sector's employment as a percentage of nonfarm employment. The list of sectors is shown in Table 3 .
The Federal Reserve Board's Industrial Production (IP)
This database provides a monthly index of IP, related capacity indexes, and capacity utilization rates for manufacturing, mining, and electric and gas utilities. 6 The production index measures real output, and it is expressed as a percentage of real output in a base year, currently 2007. I use the seasonally adjusted quarterly series for the period 1972q1-2013q4, corresponding to the industry structure classification of IP as shown in Table 4 .
I measure sectoral dynamics as the average change in the sectoral shares of total output over 4 See http://scholar.harvard.edu/jorgenson/data. 5 See http://www.bls.gov/ces/. 6 See http://www.federalreserve.gov/Releases/g17/download.htm.
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two consecutive periods across all sectors, as shown in ( 1):
where ω i,t denotes sector's i s share of total output at time t. Figure 1 plots the index for various levels of sectoral disaggregation using value added or employment data. Summary statistics for the index over stages of the business cycles and over time are shown in Table 5 . Both Figure 1 and Table 5 show that recessions are associated with larger values of this index than expansions, suggesting that most of the reallocation of economic activity across sectors occurs during recessions. Furthermore, the larger the value of the index, the larger is the drop in GDP growth. Focusing on recession periods only, the negative correlation suggests that the larger the sectoral dynamics, the more pronounced the recessions are. These results are robust across a variety of levels of disaggregation (15, 22 , and 35 sectors) as well as the basis for the construction of sectoral shares (value added or employment).
Looking at the period after 1990, the correlation between the index of sectoral dynamics based on the labor data and GDP growth is significantly lower, suggesting a disentangling between the labor market and the aggregate economy. This pattern is consistent with the decline in the share of labor in output. While recessions are associated with large sectoral shifts, the magnitude and distribution of these shifts have been changing over time. Figure 3 shows that the range of the change in the sectoral shares was wider before the mid-1980s. However, the standard deviation of the change in sectoral shares in largely unchanged.
In the periods before the mid-1980s, the largest changes in the sectoral shares were concentrated While before the mid-1980s the cycles were mostly mirroring the change in the manufacturing activity, in the later period, distinct sets of sectors drove recessions and expansions suggesting a larger role for structural changes.
These structural shifts can provide an explanation for the stagnant employment during the recoveries since the 1990s, also known as jobless recoveries. 7 The argument is that if a recession Panovska (2016) also finds that the composition of the structural shocks during recessions and the periods immediately following recessions has changed; the recessions before 1984 were followed by recoveries driven by positive permanent shocks to output, whereas the post-1984 recessions were followed by weak recoveries in demand.
Sectoral Dynamics and Business Cycles
In this section, I perform a simple simulation exercise to replicate the stylized facts on the relationship between sectoral dynamics and business cycles. The simulated sectoral growth rates are drawn to match the joint distribution of the sectoral growth rate in the historical data, accounting for the comovement across sectors. I then follow with a VAR analysis of sectoral dynamics and GDP growth and compare the response time in the impulse response functions with recession duration in the historical data. 
Simulation Approach
First, I present a rule to define the recession periods in the simulated GDP growth series. I consider three candidate measures as a recession indicator: (1) negative GDP growth rate, (2) negative cyclical component of the GDP growth rate, and (3) negative cyclical component of the GDP growth rate by at least half the standard deviation of the cyclical component. 8 Table 6 shows how these three indicators perform in defining business cycles in the data. "Correctly defined"
corresponds to the percentage of times in the period 1948-2010 when the indicator defined the year to be a recession year when the true state was recession, and when the indicator defined the year to be an expansion year when the true state was expansion. Among these indicators, the third one -negative cyclical component of the GDP growth rate by at least half the standard deviation of the cyclical component-produces cycles that are closest to the cycles defined by the NBER. In the simulation procedure, I will use this indicator to define a recession year in the simulated series of the GDP growth rate.
The simulation procedure is as follows: 2. For each time t and sector i, generate sectoral shocks i,t , where µ i and σ i , j match the average growth rate of sector i and the covariance between sector i and j in the data for the period 1948-2010. The sectoral growth rate is defined as g i,t = ∆ log(vaqi i,t ), where vaqi denotes the chain-type quantity index for value added in the BEA industry data.
3. Compute the sectoral shares as ω i,t = ω i,t−1 * (1 + g i,t ).
4. Repeat steps (2) and (3) for each time t. I set the number of periods to 100.
5.
Compute the GDP growth rate as g GDP,t = ω i,t * (1 + g i,t ).
6. Compute the index of sectoral dynamics as SecDynamics t = 1 n i |ω i,t − ω i,t−1 |.
7. Define the recession periods.
8. Compute the correlation between the GDP growth rate and sectoral dynamics during recessions. Table 7 shows simulation results and how they compare with the historical data. Figure 4 plots a histogram of the ratio of the index of sectoral dynamics in recessions to the index of sectoral dynamics in expansions, and Figure 5 plots the correlation between the index of sectoral dynamics and GDP growth in the simulation data. The simulation data replicate the negative correlation between sectoral dynamics and business cycles.
VAR Approach
The variables in the VAR are based on the seasonally adjusted quarterly data for IP for the period 1972q1-2013q4. The index of sectoral dynamics is calculated as the average deviation (in absolute value) of the sectoral growth rate from the IP growth rate. 
Sectoral Dynamics and Growth Volatility
I compute the contribution of the sectoral dynamics to aggregate volatility using an approach similar to that Long and Plosser (1987) . They use a one-factor model to extract a common shock, and they regress the aggregate volatility on the first component to compute the contribution of the common shock to aggregate volatility. The R 2 of this regression shows the contribution of the common factor to aggregate volatility. Using monthly data for the 13-sector decomposition of the index of IP for the period 1948-1981, they find that the common factor accounted for 47 percent of the aggregate variance.
In the spirit of Long and Plosser (1987) , the contribution of the sectoral shocks to aggregate volatility is given by the R 2 of the following regression:
Following the literature on the Great Moderation, σ GDP,t denotes the instantaneous GDP growth volatility. The instantaneous volatility is defined as σ t = π 2 | t |, where t is the estimated error term from the following AR(1) model of real GDP growth rates: ∆y t = α + β∆y t−1 + t , where y t is the log of real GDP.
I use a rolling-window estimation of regression 2 to capture the time dynamics of the contribution of sectoral dynamics to GDP volatility. 
Concluding Remarks
This paper presents an index of structural dynamics that captures changes in the sectoral composition of economic activity. These sectoral shifts are associated with an aggregate downturn like what we would observe in the case of an aggregate productivity shock. In this regard, the sectoral shifts story can be considered an additional mechanism that generates business cycles. Furthermore the contribution of these sectoral dynamics to the aggregate volatility has been increasing. from the regression sigma GDP,t = β 0 + β1SecDyn t + u t , where sigma GDP,t denotes the instantaneous GDP growth volatility.
